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) . VeSUIRATed TRE cliectiveness oF allding zocm anaz:o*'ahlc eye~-
pieces to the IOIC Sterecmetric Ci.parison Viewer (SC‘V) :
These eyepieces s veplacing theze ;*-msem:ly used on the SCV, S
provided an adjustable afflne trerzformation, This trans- -
- formation wes purporied to allcw st ereo observation of photo-
- graphy which otherwise: would L rusable, - The ixvestigation
- revealed that the action of these eyepieces, » while improving
the esthet:x.c quality. of the stereczcopic 1llus:Lon, did not
eénable the recovery of any non-fusable inagery of the type
occasionally encountered in 'b e I0IC., Provisioning of the
anemorphic eyepieces was not gecczmended fo:: the scv,
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X. = (a - 1) [X cos@-:-'l’sizze:i cos © + X (1
Y, =(a-1) [Zcoso+Y sin'C | sin 0+ ¥ (2).
Where . fo
X, X Coorc.ina”cea of P in the original image, ;
X35 Yo = Coordinates of Pg in the stretched imege .
' a Romerd cal value of JAmage stretch, Cee a
- © = Angular aligmaent OJ. the streteh coordvnate
to. Lbe orlﬁinal image X coov'c'ima’ce._-
K4 - - s
The adjustment provisions of the =com an morph:.c eyeT lece is
showa in Figure 2(4). Using scuati (1) ana (2), exer ;ﬂ es of
the effects producsd by these aijiw nts are illustrated in
Figure 2(B). Plotted is the loci of nolnts defining a square
existing in the input imege, and tne iocl of the corresponding
utput point i’“r’z wlot i ced for four values of iuage
streteh (a) end steetch a1 = (9). Tt will be noted
that the stretch elways exsar aco t the center of the opticel
system. This gives the effect of a la ceral displacement =s
° well "as stretch for any object lying off the axis.
\
) *
Y ¢ « ' N . . ~
. oy = v
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LIMINARY EVALUATION

The enaxorphic zocm eyeniece was evaluated as pert of the SCV

- ),

stereo’ optic system, and comsidercd not cnly the exist ing stereo
capability of, the Vﬂewerp tut alse the proposed stereo planar

- mensuration and height mensuration Improvensnts. The analysis
1ncludyd the following factors: 5 S
1;' The nhy81ologlca*(c'xect of anamorphic zZccm on the ability
T to obtain sLer eo ?us on, '

2. " The onto-mechah¢cal effect of uhe anexorphic zoom system
‘on mensuration accuracy. ’

» ~

3. The optical Eff&Cb of the enamorphic zota on the ability
to see.

b, fhc hvﬁan factors couszguences of the zhysical instellation.

ths1010glcal éo

Rezl LlLe Ste yele)
observed frcm the
result of the s

_provides
called par
essary to wlace_
on both retinas
ertion o produce

*L’to detex

¥

The eJe—brain mechanisn o
intensive study by e
mechanism are not cco
that the parallax &nd scu
stereo sensation. It
the norzel real life atexs
ancies tending to comfusc
Pvactically all recomnaissand
-ucns Lnurodace unnatural -

A
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_ . This rectifi _
~formatioa), has the enticl of reducing the fe EgE
distortion. This in turn ccuid mean the wpossible
otherwise unusable stereo : On + '
analysis was conducted %o
. lmage geometry distortion,
to reveal it, and the optimms e
eyepiece for stereo restitutica.

Coto-Mechanical Cons

The ensmorphic zcom
overall performance
Sterconetric Comperiso

screen projection sy

have stereo mensurat

v ' - 1s wmroposed. The eff
' of mensuration was

the effect of .an

nsuration ret
easily resolved
veing the first
and :

e

e

formance degradations.
© the extent of these de

’
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Human Factors Considerations

- The human factor comsiderations of time
- cellence of SCV task performance was con
the addition of the anamormhic eyenieces. It was found that.
the eyepleces in no way disturbzd the non-sterco SGV functions,
in that they did not.obstruct the vision or body movements of
the operator. The eyepieces raized the cperators eye position
o approximately eight inches, however, nccessitating the sub-
) stitution of a stool for the normal SCV chair when perforning
stereo operations;_ There appears no practical way to ciwcunm-.
vent this .problem, even if the eyepleces were redonfigured -
for a custom fit to the SCV. & finite amount of opticsl cdist-- - .
ance is required to achieve the anamorphic effect, and adding :
angles and folds to the evepiece shape, to allow a rore com-
fortable eye location, would destroy the inherent versatility
of the present design. Two solutions are evident; either re-

design the SCV stereoscope, intecrating the zoom anamorphics,

wreeisic, and ex-
idered in light of

Y

)
¥

ec
€

or provide a stool. From the standso

int of applicability, it
was evident that the anamorphic cepebllity is potentially
useful for only a small percentage of the time. One eyepiece
_ set could therefore be shared between several operator ctations.
. ‘The features of compactness, versatility and simplicity, now
inherent in the design, should be retained o allow convenient
storage within the IOIC.

Certain minor control cperst
evident, stemming from the 7

rings, located on the barre:
either of these controls wa e SCV
test installation; one hand the
barrel from roteting. This .5 workable, partic-
wlarly when visual cues were ey L Ior regulating the ad-
Justments. In a productiocn apnl Lion hoﬁever, the SCV cye-

. piece mounting sockets would be modified to e2llow the exist-

' ing anamorphic eyepiece clamping arrdngezent to function.

' This would constrain the barrel satlisfactorily. Once pro-
' visions are made for locking the berrel position, the calibr-
ated adjustment rings could be ciployed to facilitate the manipula-
tion of the stereo image geometry. : -

/‘,‘“\_‘ . : ’ ’
\J _- s 8.
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= : In order to use the time saving po enivial of the calibration
adgustmunt_rlngs, scume methed mast be mede avelleble to in-

form the cperator of the proper sett
IOIC already contains the basic s sing and. software capabi- . .
lity for this. Implementing the regu 1rea additicnal calcula~ - .
o . ‘tion capability will require the abx lopment of operational
S : procedures end additicnel softwire %o hanalv the anamorphic
image m&thematlcai-manlpulations ' '

ettings. rortunately the
o
re

£

In general the human factor problcns, discovered durvng the A
" eveluation program, could beé solved by routine engineering

methods. In most cases tiese problems existed becsuse the

SCV was not speciflcally consvceved during the design 4nd

development of the eyepileces,

*
Summary of Preliwminary Eveluation

The preliminary eveluaticn 1nd1cated that the chadge, u_o— .
duced in the physiologicel azpects of SCV stereo viewing A
was the most inflexible aspect of-the evaluation. The opto-
mechanlcal optical, and humen factor problems were not of
a gross magnitude end are amenable to routine enginecring
modifications. However the rhysiolegical consequencas of
imgge manipulation are complex and subjective. A dectail
evaluatlon was therefore directed to a better understear nding

T the stereo gecmetric image errors as they applied to the
SCV utilization of the zow: aua;orbhlc eyepiece. In this way °

~A
o3

a more thorough underSua:ﬂ~ g of the application of the eye-
piece to the task of interpretation of the verious TOIC photo-
-graphy was obtained. °
) ‘ '

e
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ITI. DETAIL EVALUATION

" Sources of Stereo Imaze Distortion

‘The present and proposed SCV stereo systems operate in the
seme general manner. Stereo photogrephy is provided by .-
vertical and oblique serisl frame cameras and side to side
sweeping panoramic (PAN) cameras. This photography is viewed
with zoom optics held normael to the photographic plane. This.

arrangement, although standard, produces geometric distor-
tions; some of which are beneficial. ' )

In most cases these distortions are _evident if the stereoc.dis-
plays are viewed objectively. Typically, height is accentuated,
verticality of tall objects relative to their base is violated,
and rectilinearity of objects is distorted. As pointed out, -
these are visual effects, waich lie outside the mensuration
apparatus. However, as these distortions become more and more -
removed frem the natural stereo situation, the observer has
greater difficulty in accpeting and fusing the images. The

source of these distortions is illustrated in Flgure 3, ’

Figure 3 is a graphic illustration of the difference between
natural human stereo observation of an cbject, end indirect
observation via a camera and stereo viewer.

Four situation are depicted:
€p

1. Natural Stereo - The himen observing an object (in stereo)
as he would neturally.

2. Camera Stereoc - The cbject image situation of 1. above, 1is
duplicated, but scaled to represen
gragphic aircraft-object relationship. Camera
shutter. asctuation points (a) and (b) represent
locations at which the images would have to
be. recorded to duplicate the stereoc gecmetry
(4 to Ry) of natural observations. ictual .
reconnaissance photography is an optimiza-
tion of efficient area coverage and stereo
overlap reguirements. The usual 60 oercent
overlap results in a base line to slant rangé
ratiofz_\ which is out of scale with the-

i

t —ve\alg' t1 '(-é—\
natura, ré io \Rl ).

+.

i
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/ (1) Wetural Stereo
‘ Situation
Camera
Axls
(\%:,
(2) Camera Stereo
Sltuatlon
Actual Image
Plane Presented
To Eye In .
Stereoscope Cbservation
_ Distortion
Perpendicular iy <3%::§] \\\<Eizzz;nX1S\§Sﬁmh‘ >\
<i3 ﬂnage.Plane Mentélly",isf;?y | o (L) Depth Multlpl*catlon Dlstortlon

A>sumed by Operator

REIATIONSHIP OF NA”URAL ‘STEREO OBSERVATION '
TO STEREOSCOPIC OBSERVATION. "
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3. " Stereoscopic Observation Gcometilc Dlstortion - The image
’ gecmetry (perspective) is dependent, upon R
the coordinate relationship of the optical . R
- sensor (camera or eye) to the cbject scene. . .
A serial frame cémers axis is usually
pointed at a fixed angle relative to the - 5
aircraft flight path. Conversely, the eyes -, .
rotate so that a ccmmon polnt of fixa- o
tion is centrally-located on each retina.'» S
The resulting disperity between theé natural ’ N
coordinates of the eye and that of a camera - T
is illustrated at points (ap) and (bd).
k., Depth Multipllcatlon Distortion - The dlsnroportlonate
stereo base line nroduced by cemera positions’
 (&1) and (by) yields a proportional stereo
/ . depth distortion to the human observer. This
effect is illustrated at (d). ‘The camera-
optic system produces the effect of greatly
extended eye separation, whlch the eye-brain
interprets as extended depth. Depth, bveing -
sensed as slant range from the observi:
i} produces the effect of accentuated he‘
v in vertical photography and a stretéhin
and deepening of ooJects in oblique PhOuO-
graphy.
Method of Evaluation
Considerable latitude exizted as to the type of analysis ©o be
employed in examining the source stereo distortion, and its efrfects
on stereo vision. Owing to the many coordinate transformations
and .dependent variebles, & rigorous mathematical solution was
rejected. As a genersl scarch of the availéble literature -4ig - -
not reveal data applicablie to this problenm, a graphicel. solution *
was chosen as the most practital ana*ytlcal nethod. Xey ob- '
Jjectives to this decision were: ’ ‘
a. Xeep the analytical effort commensurate with the
experiment control which would be available.
. o b. Provide the maximm visuslization for the experiment, ,
! : since himan subjective judgement would be the major =
- : control of the experiment.: :
: .c. Give the maximum insignt to secondary effects, and the
»-eyeplece adgustments to compensate for them
. y . :fl.:f”_‘. ’
. ‘.App__r"bve'd,E’qr’Re1ea,$e'.21004111,]3_0_-:‘,CjAFRDP78B'04770AQ09~400Q20035,'9' BT
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Graphic Solution : U ' S,

‘The graphical analysis approaches the steréo image diztortion
problem in terms of specific planes of interesnt, Figure 4

defines these. Two planes. are depicted, the Tirst Plane, the

"Plane Containing ‘the Object end Camera®, exists at the target

at the time the imagery is token. The position of 'the eyes in .
this plane represents the image recording sitvation necessary '
“to produce "fatural stereo®. The second planc, the. “Plane of
Stereoscopic Observation™, represents the viewing situation ia

the SCV stereoscope, with the stereo opbics held nmormal to the

film. In this Prame of reference the contribution of squint to
stereoscopic distortion vas considered.- :

v/ : . . ..
Stereoscopic‘squint can be achieved by several different me
depending upon the optical design of the stereoscopz. Idea
the squint during stereoscopic chservation (.« 1 +,31)-wil
match the. normel squint of the obzerver when viewing zn object
at approximately 10 inches (standard design distance). The
angles (:x +s”-§'and (+5 3 +~71 ) therefore are usuelly 10 o 1k
degrees, based on the starderd Interpupillary distance .
Actually, however the photo Interpreter may sdjust (-
to equal any angle betisern O s=rd 1k degrees.: Tais gurl
‘malnly dependent upon the actual focal lenzth to wh
scope is adjusted, the tolerance of the irdividuzl
squint, and the details of <he optic deeclgn. Usue
operators prefer eye focal Llength edjustiments long

=
14

okl
L L

In this case, the naturzl motehing squint willle corveipond
less, Since, in all cases the engles involved ave sl 5 stereo-
scopic squint has 2 direct Lut relative-y-ins;gnificant elfect

uwpon stereo distortica.

The disparity between nstural visuel ard stereoscons
geoxztry is further 1llustrated in Figure 5,  Thi
the left eye geometry of Figure 4 in greater deta T
the izage created by points ACD on an object lying ii the
~Toreground of a recornaissance airplare. Tmaze plare {3) -
repregents the position end rotation of the left eye {or cazara
imzage for the left eye), if the netural relative parallax geometiry
is to be maintained. Image plane (4) represents a. veriical camer
operating in a typical image overlap condition. If sn. eye were

- placed in this position it would rotate to give -ipage plare (5).
If image plane (5) were transmitted to-the stereosconic eye with-.
out further distortion, true image depth multiplicetion weould
pccu? §nd would -be proportional to the separation of images:(3) -

- and (5)¢ - L . . o ‘

s

1
o
<
e

1%

o3
i
)
&
o
T
Y

incs
é is
t

L .
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OVERALL PILiN OF STERED -~ .
IMAGE DISTORTICN ANALYSIS

FIGURE L. -
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. ' o However, the actuel izage vicwcd‘in the_stercoscope lies
' ‘ in Plane (6).. Izage plane (6) eveloped from Plene (L),
which is the cazara filg,. Obja th mltiplication will
s: Cse of the dnzecurate transe
nino of the objuct irage rays
as they pass throagh thb vc_ch4 coordinate trausformations

- "~ The magnitude of these disicriions is e.direet furetion of the
.8ize of the angular alsmavltics betveen izage plazez (&), (5),
and (6). Theseé angles arc o function of carera izage overlap
vhich is in turn a functiion of camore arsa of view ezl Pocal
length. Seriel freze verticol cox S"Q“°0900ﬁlc Observation

ectly zelated to the

.Geoxetric Distortion i *F*'o~0:3 ai
angle made by the objlect to the

ire
d
cazzra auiz

C : PAR cameras however eihibit o different dlsitorticn characterisiic
because of 1tz cylindrical izage nlone, whose aziz is aligned
with the ™Y" image ccordinsi ke radius of this cylinder is

_ centered at the camara lenz ices the geomatric eflfect of
the' camera always bzing dirce levation to all chjects. .
Thus, the camera produccs o image geomelry as the eye,
about this exis. Furthe 3 ol position of the stereo-

. " scope optics; relative to the £iim, allows the stercoscopic eye
irage plane to be neeariy the comere izage ebout the “T¥
axis. Thus Sterecsconilc n Distortion lies almost entirely
in the "X" coordinste of poroross ohotography, being invarsely
proportional to the positicn o the object imnge frowm the PhoTO-

graph rargin and the fceal lengih

Selection of Tezt T
. The test imegery wa
The major porticn The exnas
low altitude iﬁagery tolen w
frazme camera and a 3 izch PAY
spectrum of the test, high alc
PAN camera was also used. The

.' Figure 6.

In all cases the imagery ves searchad

varying orders of stereco distortion. Large
contain a generous selecticn of object sizes, sh
relative to nadir. Simulated jungic uerrain,;u‘

-

O

H-m

nd
(X3
O
¥
f}'

]

i : woLps, canals,
. ‘trees, brush; huts, etc° ves also examined to co:p;cne the s“ectrum
of targetry.
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PILM |
SAMPLE SENSOR sE, SUEJECT MATTER IPPESDIX
1. 18" PAN 38,000 TT.  ImW YORK CITY IT
2. 3.15" PAXN 1,000 FF, ° - COLUN2US, OHTO IIT

3. 1.75" VERT, ' L60 FT, STMULATED VIETNAKM v

NOTE: Copies of the test imagery are
attached to the Appendix as noted.

FIGURE 6. LIST OF TEST IMACERY
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Determination of Eveniece Adjus.u nt Procedure’

The zoom enamorphic cy~p1~ dered as an orainary
zocm lens except that ma Z Qccur only on cue :
coordinate. Images viewed througn the eyupleee can be stvecched»'
vertically, diagonally, or througn any obligue angle, by proper-
rotation of the streteh axis adjustment ring (see Figure 2.),
The stretch range is froam 1 X to 2.2 X, set by a similar zoom
power adjusiment ring. Eoth the zocm and stretch angle conurols
are calibrated.

. By observation it can be zeen focm T e
of depth multiplication Qlctortic; z2d stes

[

» that the gecnmetry
o scou*c observation

geometric distortion is complex. Thaisz is the consequence of .
the dlstortlon of the ’*Ular reiationships of image rzys, pro-
duced as a result the wvarious image planes already defined, - °

Obviously a single axis linear iwas
precisely the desired imaze in
the intent of the anamorohic = . eyepiece application is not
to obtain a perfect image, but rather the recévery of otherwise
unuseable stereo imagery. Thus, if sufficient distortion can
be removed to allow sterc ica in a significant mmber of
cases, then the use o7 pleces could be recommends
the SCV. Since this ecx 5 so highly subjective,
observation by experienced observers was consicered to
only realistic method of evaiuation.

ze correction can nob produce
“ate modificaton. However,

The controls of the ana;orvulc zocm eyeplece were se
servetion, using rules based unon the obs erved image s

.

They were as follovc°

1. The neadir of the imeage was dctermined. by observing, in each -
imege separstely, the direction of projection cf Vc“tical ’
objects. The axis of maximm distortion was assumed to bc
aligned with a line passing through the image nadir and t
object of interest in vertical photography, and along ube
Photographic X coordinate in PAN photography.

2. The stretch axis of the' eyepiece was aligned by movin 12 the

' zoom control in and out, and rotating the axis control until
the stretch appeared allgned as desired. ThlS was done
1ndependently for each. eye. ) . Co

(nﬁ

L)

[ \ : . ER o T e
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3. The azmount of streich vwas detﬂrﬂined visuully by caveful

: attention to the apparent siereo image geometry.

k. Although image Sh“lnk“”c was the actual correction veqyired,
stretch correction wac uzed bzcouse the eyepleces have no.
provisloans for irzze u“_nk°”c° (AWthough it a&ppears
intuitive that the effect ¢f shrinkege could be achieved

. by rotating the streich coordinate 90 degrees &nd expanding;
it was found to be very troublesore. Such action reguired
& comnensatiﬂ zGolm CL- co njugete imoge. optics, to- maintain

relations! The resulting adjustment

procedures uecbze\‘ a nhgndy)o
5. If, after the epo rules (1) through (%) no bene-
Ticial re Ll vas tained, the ¢ oa«usata were observed mono-

cularily then binocularily and siretch applied on the basis
of wngt Was ssen. '

Conduction of the Einarims

. A pair of "oom anamorphic eyepieces was instslled” on. QCV
Prototype #1 located in the AGC ¥ock-Up at |
STAT | This installation

Figure 7. The test film was selected from %
RASC Flight Test Prog Two experienced F
and an optical sgysie xx eveluated and
of the eyepieces upo: gery involved
Dllcaulon to thc , formzd on the SCV

e

- . i !
N . ,.
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CONCLUSIONS AND RECOMMENDATIOHS

. Conclusions . : o

No image situation could be found in the test photography .
for which'the anamorphic eyepicce ensbled the operator to -
recover otherwise unuseable stereo objects., Low altitude
end high altitude PAN and serial frame photography was
exemined at 6X and 24X megnification. The results of depth:
and observation gecmetric distortions were evident where
predicted. ' ' ‘

In serial frame u“o, “Mapbr vhere the distortions are two '
dimensional, the sterec fusion produced the usual three
dimensioneal stereo distortions. TFor cxauple, tall buildings,
located near the edges of the photographs did not appear to be
rectangular or verticel to their lcocal terrain. The attempled
appllcation of the linear, single axis correciion provided by
the zoom anamovphic eyepieces only tended to increase the
distortion. Film Number 3 (Figure 6.) was given particular
attention because the subject matter represented imagery which
was et the limit of the "eye-brain", to. stereo fuse. The
height of objects im this imagery was gredtly dccentuated, and
certain objects could not be fused by any of the experimenters, ’
Although it was obvious what image dimensions needed o be
modified to enhance the probability of stereo-fusiorn. the zoor
anemorphic corrections always appeared to be inadequates. For
cases where stereo fusion coculd be obtained in the zers correc-
tion setting (1X), subsequent atteapts to Trin and 1 the
image by adding anamorohic zocm, degraded the image.

The .anamorphic zocm eyepiece did provide a type of ince
improvement in short fpcal length, low altitude PAH photograshy,
represented by Film Nusber 2 (Wlﬂnre 6). All objecss.in this
imagery could be stereo fused using the unaided sterss systen.
However, tell objects, lyinz in the 30.degree to 5C degrec
(estimated) PAN scan sle field, eppeared to be tizned toverd
the viewer, in refer:c to thelir local ground plane. It was

found that this objecst . could be removed by epplying
stretch along the "X" axis coordinate of each conjugate peir.
This effect was in bova agrecaent with the grephic analysis
which predicted That PAN imagery would contain less complex
geometric image dlsbaruion than-seriel frame photograbny. Thus,
the simple corrbctlon prov*ded by the zoom eyepleces was more
effectxve. , . : . -

21.

0‘ + .
RO v
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High altltude, long focal lerﬁth PAn phoUONvﬂnhy hrtoented
so little geometric distortion (Film Mumber 1, Figure 6),
that therc was not need for any 1mabe gc’“ try correction.

) Optically, the zoom anamorphic eycaiece reduced the object
field at the eyepiece, and the light transmission of the over-
all stereo system. Resolution was also degraded as a function
of anemorphic zoom, particularly in one eyepiecé.  Time did not

' perntit the measurement of these fectors as it was felt that the
factors pertaining to the ifpprovement of the PI function were
more 4mportant at this t:.me° .

The zoom anamorphlc eyepieces were not designed to be used
with the SCV, therefore certain = hanical and control
inconvenlences were evident. The Lywpie “could not be
locked to the SCV optics so they were f“0¢ to pivot, obviat-
ing the use of the control indexes. The edjustment of stretch
and stretch direction controls was a two handed operation for “the
seze reason. Individually the eyepieces were sturdy, compact,

. and ‘well constructed. The mechanical deficiencies noted were
primarily the result of the anpllcatlon, and not the intrinsic
design of the eyepieces.

Under certain circumstances the zocm anemorphic eyesieces could

be useful for target identification tasks. However, for most of
the PI functions, performed on the SCV the existence of 7or
image distortion presents no hirdromce., Adding four sel
needed controls to the stereo optic systen would automaticaT’y

increase the difficulty of doing routine stereo tasks and Taereby
reduce the overall effectivesness of the SCV.

The opticel and mechanlcel fl
of the eyepieces were such that aoly could bu COLL ¢
by routine enginecring relli et andardized con
“tion of the input-output fitiings would na ku these eyepieces

adaptable to most opticel eguimsent and therefore their use shouwld not
be restricted to the SCV. Usefuincs vould grobably be extendsd by
prov1d1ng image shrlnkare as WuL~ as streveh,

Recommendations

.

The process of human stereo vision -and the effects introduced
upon it by the dlSuOTthPS of verious optical systc“s, is & .
complex subJect The finai eveluation of any new device, intend-
ed to improve the performance of stereo equlpment rests with

‘v

I

I . “ o N N \ .
- . ¥ . . . L. . , N
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the subjective opinion of humen cperators. The recommendations
of this investigation are:

l.

2.

‘The present zoom anamorphic eyeplece

The zoom anamorphic eyepiece not be counsidered further
at this time for incormoratiocn into the 8Cv.
be gilven further
evaluation for application to equipment involved with
highly detailed sterco anziysis of imagsry.

An analysis be .cenducted to dctermine if it would be
practical to develop a new zoon anamorphic eyepiece
whose correction would more ncarly mabch the geometric
error functions produced by typical recomnaissance
collection - viewing systems for potential future use
with the S_!CV .

l 23.
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L APPENDIX I.

DERIVATION OF THE TMAGE EXPANSION FRODUCID BY THE ZOOM,
ANAMORPHIC ‘EYEPTECE ~ -

Given a square input image (&, B, C, D), determine the position
of any point P (X, Y) in that image after being subjected to
an anamorp@ic zocm of megnitude -(a) in the x coordinzte of a
coordinate system x, y; rotated to an angle @ relative to the

input coordinate system X, Y.

The geometry of this situation is shown in Figure A, and de-
fined as: . :

X, Y = Original image coordinate system
X, ¥ = Coordinates of =zoca
canamorphic eyepiece, where x is the streten

coordinate : _ .
© = Angular relationshivp of coordinate system x, ¥y to
X, Y. :

1
s =.The position of point P after anamorvhic zoom.
a = The amount (power) of zoom magnification.

Do imgut image after subjection to

anemorsiic zeas,

1. Line P; Pg is the line foilcwed by point P.as the power of
. da 1

GO a

Bl

the anemorpic zoom is raiscd frcm unity

°

2. Since zocm lies only in the x coordinate, line P, P, will
be parallel to line 0, x.

3. Line P, E is parailel to cocrdinace 0, X by definition
L, Line P, D, lies perverndicular to coordinate O, x by definition.
. .

5.7 %2 0=01 =0,

1.

. '.‘\\ . M oo R N . . . .
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GEOMETRY CF AWAMORPHIC ZOOM

FIGURE 4, C .
. : » °

7
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ANAMORPHIC ZOOM GEOMETRY DERI ATION‘ DIAGRAM

FIGURE B.

v

9

Q

3.
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The action of any
coordinete of the
lying in the X, Y
as follows:

From Figure Bs

anamorpnic oo, iying totelly in the x

X, ¥y cocrdin

ax '=Ytan@1‘

x
H+aX

cos @ =

x = (X +Y tax 2} cos O

From Figure B:
' Xg -

cos 92 = ———

5
By definivions

XS=ax

By manipulation:

“Xg = (ax - x) cos 0 +X
X = z(a~-1)cos 0 +X
Xs = (X +Y tan 0){cos &) (a - 1) cos 0 + X.
Xg = (X + Y tan 0){cos 6)2 (a - 1) + X
Using identity sin & = cos A tan 4 |
Xs = %(cos 0)2 (2 - 1) + Y (tan 0)(cos 0)2 (a - 1) + X
Xs = X(cos 0)2 (a - 1) + Y (sin 6)(cos 0) (a - 1) + X
Xg = (a - 1)(cos @) [X(cos e) + Y(siﬁ 9)] + X
A
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Frcom Figure B:
| Yo =Y = (% - x) ein_ 92‘
Yo = (xg - x)‘éiﬁA9'+ Y
By definiti-on: |
Xg = ax

" By manipulation:

+
e
]

(ax~x%) sin @+ Y

ot
w
it

(a =1) xsino+ Y

Y, = (a/— 1) (% + Y tan 0) (cos ©) (sin 0) + Y

Y, = (a-1)(cos 6)(sin 6) X + (a-l)(ces ©)(sin 0)(ten _Q) Y+ Y
Yo = (a—l)(ces 6)(sin ©) X + (a-1)(sin 0)2 ¥ + ¥

(2) "Yg = (a-1)(sin 0) [x cos © + Y sin 9] + Y

-5,
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